Background: Although the prognosis in malignant resectable intraductal papillary mucinous tumours of the pancreas (IPMT) is often considered more favourable than for ordinary pancreatic ductal adenocarcinoma, the long term outcome remains ill defined. Aims: To assess prognostic factors in patients with malignant IPMT after surgical resection, and to compare long term survival rates with those of patients surgically treated for ductal adenocarcinoma. Methods: Seventy three patients underwent surgery for malignant IPMT in four French centres. Clinical, biochemical, and pathological features and follow up after resection were recorded. Patients with invasive malignant IPMT were matched with patients with pancreatic ductal adenocarcinoma, according to age and TNM stages; survival rates after resection were compared. Results: Surgical treatment for IPMT were pancreaticoduodenectomy (n=46), distal (n=14), total (n=11), or segmentary (n=2) pancreatectomy. The operative mortality rate was 4%. IPMT corresponded to in situ (n=22) or invasive carcinoma (n=51). In the latter group, 17 had lymph node metastases. Overall median survival was 47 months. Five year survival rates in patients with in situ and invasive carcinoma were 88% and 36%, respectively. On univariate analysis, abdominal pain, preoperative high serum carbohydrate antigen 19.9 concentrations, caudal localisation, invasive carcinoma, lymph node metastases, peripancreatic extension, and malignant relapse were associated with a fatal outcome. Using multivariate analysis, lymph node metastases were the only prognostic factor (OR 7.5; 95% CI: 3.4 to 16.4). Overall five year survival rate was higher in patients with malignant invasive IPMT compared with those with pancreatic ductal carcinoma (36 v 21%, p=0.03), but was similar in the subset of stage II/III tumours. Conclusions: The prognosis of patients with resected in situ/invasive stage I malignant IPMT is excellent. In contrast, prognosis of locally advanced forms is as poor as in patients with pancreatic ductal adenocarcinoma.
I
ntraductal papillary mucinous tumours of the pancreas (IPMT) are rare pancreatic tumours, characterised by an adenomatous proliferation of pancreatic duct epithelium that may involve the main pancreatic duct or branch ducts alone or in combination. 1 2 Different stages from hyperplasia to invasive carcinoma can be observed. 3 Diagnostic and therapeutic problems stem from the difficulties in the preoperative determination of malignant transformation and extent of duct involvement. [4] [5] [6] [7] [8] The prognosis in patients with IPMT depends on malignant transformation that occurs in 30% to 60% of cases, of which 17% to 43% are invasive cancers. 6 9-11 Because of the established adenoma-carcinoma sequence, surgical resection of the tumour is the treatment currently recommended. 4 Surgical resection of benign IPMT is associated with an overall five year survival exceeding 90%. 12 13 In contrast, outcome and prognostic factors of patients operated on for malignant IPMT are less well defined and a wide spectrum of survival rates can be found in the literature. 6 9 10 14 It has been suggested that the prognosis of malignant invasive IPMT is much better than that of ordinary pancreatic ductal adenocarcinoma, but direct comparisons between these two forms of pancreatic cancer are lacking and therefore definitive conclusions cannot be drawn. 6 9 15 The aims of this study were: (1) to define the clinical, biochemical and pathological features and long term outcome after surgical resection in a large multicentric series of patients including only malignant IPMT, (2) to determine the prognostic factors for survival, and (3) to compare long term survival after surgical resection between patients with malignant invasive IPMT and a matched group of patients with pancreatic ductal adenocarcinoma of similar age and TNM stages.
METHODS

Selection of patients
Selection of patients required three stages: (1) all patients who underwent tumour resection for IPMT between 1987 and 1999 in four French centres were reviewed; (2) in each centre, only patients who underwent surgical resection for malignant IMPT were selected by a single local pathologist. Other malignant cystic lesions were excluded; (3) all surgical specimens were reviewed by one central pathologist (BT) who confirmed the diagnosis and its stage. Seven patients were rejected by this pathologist because of an incorrect diagnosis. Patients were also excluded if their clinical data (symptoms and diagnostic delay) were incomplete.
Clinical and biochemical data
The following clinical data were recorded: age, sex, clinical signs leading to the diagnosis, and the delay between diagnosis and surgery. Serum tumour markers including carbohydrate antigen 19-9 (CA 19-9) and carcinoembryonic antigen (CEA) were recorded when available. Analysis of imaging data was not the aim of our study. Clinical data of 41 patients have been previously published in part. 5 6 11 12 17 Pathological data Pathological examinations, including macroscopic examination and histological examination for all patients from different centres, were reviewed by one pathologist (BT) to achieve homogeneous interpretation for the following variables: (a) diagnosis of IPMT defined by proliferation of pancreatic duct epithelium with mucus production, (b) signs of malignant transformation with a distinction between invasive adenocarcinoma and in situ carcinoma (the latter defined as the presence of marked cellular atypia with cytoplasmic nuclear changes and loss of nuclear polarisation without disruption of the basement membrane), 3 (c) characterisation of tumours with respect to: involvement of main pancreatic duct, branch ducts, or both, continuity of tumour extension, size (in the presence of measurable solid lesions or the perpendicular diameter of the largest cystic dilatation, the length of pancreatic duct involvement was used in cases of high grade dysplasia), (d) determination of lymph node involvement and extrapancreatic extension. The presence of marked mucus production that characterises colloid forms of IMPT was also recorded. Results from frozen section examination of the pancreatic cut-surface margin were considered when available.
Survival analysis
Postoperative survival was determined from the date of surgery to last follow up or patient death. Disease free survival was determined in patients free of recurrent disease at the last contact with the reference physicians in each centre. Time to disease relapse and treatment options for recurrent disease were recorded. Prognostic factors were analysed. Long term survival in patients after surgery for invasive malignant IPMT was compared with that of patients who underwent surgery with curative intent in the same four institutions over the same time period for pancreatic ductal adenocarcinoma, with exclusion of patients who died within 30 days after surgery. Only patients with invasive IPMT could be matched because of the absence of patients surgically treated for ductal adenocarcinoma with in situ carcinoma stages. While the TNM classification 16 has been defined for pancreatic ductal adenocarcinoma, we extrapolated the 4th edition of the UICC TNM classification for malignant invasive IPMT, to compare two homogenous groups: stage I (limited to pancreas, duodenum, bile duct, or peripancreatic tissues), stage II (stomach, spleen, colon, or adjacent large vessels involvement), stage III (lymph node involvement), stage IV (distant metastasis). Patients were matched for age (± 5 years), TNM stages, and centre by centre when possible.
Statistical analysis
Comparisons of clinical and pathological parameters were performed using the χ 2 test or Fisher's exact test (if small number) for qualitative variables. Student's t test was used for quantitative variables and a non-parametric test (Mann-Whitney test) if their distribution were abnormal. Survival curves were calculated using the Kaplan-Meier method. Univariate analysis was performed for factors influencing survival using the log rank test and results were expressed as the relative risk using a 95% confidence interval. Multivariate analysis was performed using the Cox model. The level of statistical significance was determined at 5% in all cases. Surgical procedures, macroscopic examination, and histological examination The following surgical procedures were performed: pancreaticoduodenectomy (n=46), medial (n=2), distal (n=14), and complete pancreatectomy (n=11). Because of tumour extension, a segmental colectomy and left adrenal gland resection were required in two and one patients, respectively. Surgical procedures according to IPMT localisation were similar in the five centres. Pancreatic tumour localisation was as follows: head/body (n=49), neck (n=3), tail (n=14), diffuse (n=6), and bifocal (n=1). The topography of pancreatic duct involvement included main pancreatic duct only (n=9), branch ducts only (n=8), and combined (n=56). The median tumour size was 30 mm (range 9-130). In 13 patients without measurable solid lesions, the median diameter of cystic dilatation was 20 mm (range 6-70).
At histological examination, 22 patients (30%) had in situ carcinoma and 51 (70%) invasive carcinoma. Table 1 shows the comparison of their clinical and pathological characteristics and outcome. Metastatic lymph nodes were found in 17 patients (33%) with invasive IPMT. Distribution of tumour stages according the TNM classification 16 was as follows: stage I (n=27), II (n=7), and III (n=17). A colloid form of IPMT was observed in 33 patients. Tumour involvement was found to be continuous along pancreatic ducts in all patients except one. In this patient, foci of in situ carcinoma in both main and branch ducts were found in the pancreatic head and tail separated by a length of normal main pancreatic duct. Histological examination of the resected pancreatic specimen margins in the 73 patients demonstrated normal tissue (n=50), simple hyperplasia (n=9), atypical hyperplasia (n=7), in situ carcinoma (n=4), or invasive adenocarcinoma (n=3). In a subset of 41 patients, frozen section examination of the pancreatic cut surface was performed intraoperatively and resulted in extension of resection in 13 because of the diagnosis in remaining ducts of simple or atypical hyperplasia. Two patients treated for in situ carcinoma were found to have additional in situ carcinoma in pancreatic resection margins and subsequently underwent total pancreatectomy.
Postoperative course
Overall mean and median follow up after surgery were 32.7 and 25 months (range 0-145), respectively. Postoperative inhospital deaths occurred in three (4%) patients (one with in situ carcinoma and two with invasive carcinoma) related to respiratory distress (n=1), intravascular coagulopathy (n=1), and unknown cause (n=1). The first 30 day morbidity included infection (n=9), pancreatic fistula (n=4), haemorrhage (n=3), abdominal occlusion (n=2). Adjuvant radiotherapy and/or chemotherapy were performed in seven patients, who had either in situ/invasive carcinomas at the pancreatic resection margins or lymph node involvement.
Malignant tumour relapse occurred in 28 patients (38%) (including five patients with malignancy at resection margins) during the study period, with a median delay of 12 months (range 0-56), in 44 sites: remaining pancreas (n=16), lymph nodes (n=7) and metastases (n=21). No patients with in situ carcinoma had malignant tumour relapse (p=0.001 v patients with invasive cancer). Malignant relapse was treated as follows: extensive pancreatic surgical resection (n=5), systemic chemotherapy (n=5), combined radiotherapychemotherapy (n=1), radiotherapy alone (n=1), palliative medical support (n=16).
The mortality rate at the end of the study period was 38%. Twenty three patients died of IPMT and two without recurrence of IPMT: severe diabetes mellitus after total pancreatectomy (n=1) and accidental (n=1). The overall actuarial and disease free survival rates were 55% and 47% at three years and 48% and 42% at five years, respectively (fig 1) . The five year survival rates in patients with in situ carcinoma and invasive carcinomas were 88% and 36%, respectively (p=0.001) (fig 2) . 
Predictive factors for survival
On univariate analysis (table 2), poor prognostic factors were initial abdominal pain, increased serum CA 19.9 concentrations (>2N), distal pancreatic localisation, invasion of basal membrane, metastatic lymph nodes, and malignant relapse. A trend towards better survival was observed in patients with colloid forms of IPMT, but the difference was not significant (p=0.07). Administration of adjuvant treatments was not found to influence survival rates.
On multivariate analysis, only the presence of metastatic lymph nodes was predictive of death with a relative risk of 7.5 (95% CI 3.4 to 16.4) (fig 3) .
Survival in patients with invasive IPMT compared with ductal adenocarcinoma
Patients with invasive IPMT (with exclusion of the two patients who died within 30 days after surgery) (n=49) were matched with patients surgically treated for pancreatic ductal adenocarcinoma (n=49) of similar age and TNM stages: stage I (n=27), stage II (n=6), stage III (n=16). Seven patients with IPMT and 11 with ductal adenocarcinoma received chemotherapy or radiotherapy, or both, after surgery (NS). The median survival durations were 33 months in patients with invasive IPMT compared with 22 months for those with ductal adenocarcinoma. Overall survival rates in patients with IPMT and ductal carcinoma were 36% and 21% at five years, respectively ( fig 4A) . This difference was statistically significant (p=0.03). The overall survival rates in patients with IPMT compared with those with ductal adenocarcinoma were significantly different for stage I (67% v 23% at five years, respectively) (p<0.001) (fig 4B) , but not for stages II and III (figs 4C and 4D).
DISCUSSION
This study analysed outcome after surgery in a large series of patients with malignant IPMT and was the first to propose direct comparison of survival in patients undergoing surgery for either malignant IPMT or ductal pancreatic adenocarcinomas. Complete clinical and pathological data were recorded for 73 patients from four French centres. To reduce interobserver variability, all the resected specimens were reviewed by one pathologist.
Male/female ratio (2/1), age, clinical manifestations, and tumour localisation were in accordance with previous reports.
1 4 9 17-19 In contrast, the proportion of main pancreatic duct involvement, either alone or combined with branch duct lesions (89%), was higher than that previously published. 9 20 This may be explained by the selection of malignant forms of IPMT (that is, in situ or invasive), which as recently demonstrated involve the main pancreatic duct more frequently than branch ducts. 11 20 21 The median delay between first symptoms and diagnosis of malignant IPMT (nine months) is shorter than previously reported (12 to 43 months) 4 9 ; this result may reflect increased physician awareness, improvements in imaging methods and the selection in this study of malignant forms of IPMT.
The natural history of IPMT remains poorly defined. Most studies have reported an excellent prognosis in patients undergoing surgery for benign tumours. 6 9 19 22 In contrast, a wide variability in five year survival rates has been reported (0% to 82%) in patients treated for malignant IPMT. 1 4 8-10 14 In this study, the five year survival rate of 48% is in accordance with some previous surgical studies, 10 except for two Japanese series that reported overall five year survival rates of 75% to 82%. 8 9 Possible explanations for such discordance include: small numbers of patients studied, data selection from compiled series, lack of distinction between in situ and invasive carcinomas, exclusion of postoperative mortality, or unclear causes of deaths in some studies. 8 9 19 In this study, the five year survival rate of patients undergoing surgery for in situ IPMT was excellent and mortality in such forms was only related to early or late surgical complications. As neither relapse nor cancer death was observed in this subgroup of patients, perioperative morbidity and mortality should be as low as possible. Resection in such patients should be adapted to tumour extension, however extensive resection has to be counterbalanced with long term complications such as brittle diabetes mellitus. Management in these patients requires careful decision making in reference centres with precise intraoperative evaluation including frozen section examination of pancreatic resection margins.
In contrast, patients with invasive IPMT had a high rate of cancer relapse and cancer deaths, in line with previous reports. 6 10 Lymph node involvement remained the only predictive factor of death on multivariate analysis (OR 7.5). Some studies reported that tumour size (>6 cm), peripancreatic invasion, and lymph node involvement are of prognostic value. 9 10 14 In this study, tumour size did not influence survival. The precise determination of size in malignant IPMT is often problematic because of the intrinsic cystic nature of these tumours, which are composed of numerous dilated ducts, while areas of solid (malignant) tumour components are difficult to individualise. While a high serum CA 19.9 concentration was found to predict poor prognosis in this study, as observed in pancreatic ductal adenocarcinoma, this factor was no longer significant on multivariate analysis. 23 As lymph node involvement is of large prognostic importance, the question of extended surgical lymph node dissection, as proposed by Japanese authors, 24 can be raised. This problem has never been formally resolved in patients with IPMT. It has been reported that extended lymph node dissection does not influence long term survival in patients with pancreatic ductal adenocarcinoma, 25 but whether such strategies have an impact on survival in IPMT needs to be analysed in a prospective fashion. The prognosis in patients with IPMT is often considered more favourable than for ordinary pancreatic ductal adenocarcinoma, 9 14 15 but a matched comparison between these two forms of pancreatic cancers has never been performed. To answer this question, we compared survival in patients who underwent surgical resection for invasive malignant IPMT or ductal adenocarcinoma according to age and TNM classification. In our series, the five year survival rate after resection for all stages of ductal adenocarcinoma was 21%, a rate similar to that previously reported. 14 26-28 Overall survival rates were better in patients with IPMT compared with those treated for ductal adenocarcinomas of early stage (I), but this difference was no longer significant in the subgroups of patients with stage II or stage III tumours. The apparent better prognosis in malignant IPMT compared with ductal carcinomas may be partly attributable to the high prevalence of in situ or invasive stage I IPMT, which are earlier diagnosed because of symptoms resulting from ductal obstruction by mucus. However, when the tumour is locally advanced (peripancreatic extension or lymph node involvement), the prognosis is as poor as for ductal carcinomas. As there is no current evidence for efficacy of adjuvant therapy in pancreatic cancers, patients with locally advanced malignant IPMT should be included in the same protocols assessing adjuvant chemotherapy or radiotherapy regimens as patients with ductal adenocarcinoma.
In conclusion, lymph node involvement was the only prognostic survival factor in patients who underwent resection for malignant IPMT. Overall five year survival rate was 48% in patients with malignant IPMT after surgical resection, but a clear cut difference was observed according to the stage of disease. Prognosis is good in patients with in situ or stage I carcinoma, who should be treated with function preserving minimal pancreatectomy. In contrast, patients with locally advanced malignant IPMT (that is, stage II or III) had the same poor prognosis as patients with pancreatic ductal adenocarcinomas.
